Abstract-A design algorithm based on second-order cone II. PROBLEM FORMULATION programming (SOCP) for minimax design of 2-D FIR filters with Consider a 2-D FIR transfer function low group delay is proposed. SOCP is a special class of convex programming problems that can be carried out considerably N1-1 N2-1 more efficiently than the popular semidefinite programming. The
programming problems that can be carried out considerably N1-1 N2-1 more efficiently than the popular semidefinite programming. The H(zi, 2) -E 3 hijzl7Sz
(1) simulation studies presented in this paper also confirm this in i=o j o a filter design context. The proposed algorithm is compared favorably with a recently proposed design method based on We seek to find a transfer function H(zl, z2) in (1) whose sequential quadratic programming. The proposed design method frequency response best approximates a desired frequency is expected to be a useful utility for 2-D digital filter designers response Hd(wi, w2) in the minimax sense. Namely, we are whose interest is not limited to linear phase responses and low interested in solving the optimization problem order filters. P(w1, w2) = c2cfT-S2sT [8] . The paper provides details in design formulation and T(g1,g2) T algorithmic description of the method, and presents simulationQ(,w) cs1+sc results to demonstrate that the SOCP-based algorithm can where tr[.] denotes matrix trace. Further, if we denote the achieve the same design results with much reduced compu-column vectors generated by stacking the transposed rows of tational complexity relative to the algorithms in the literature. P(wi, w2), Q(wi, w2) and H by p(wi, w2), q(wi,w2) and 0-7803-9390-2/06/$20.00 ©C2006 IEEE h, respectively, then the frequency response can simply be III. AN SOCP-BASED SOLUTION expressed as A. SOCP H(w,wJ2) = pT(w,w2)h -jqT(w,w2)h (3) SOCP is a class of convex programming problems, in which a linear objective function is minimized subject to secondBy placing an upper bound r1 on the objective function in (2), order cone constraints [8] . Also known as quadratic or Lorentz the solution of (2) shall minimize the bound, thus the problem cone, a second-order cone of dimension n is defined as at hand can be converted to minimize rj (4a) u teR, ueR , u 2<t} subj ect to: W'(w,w2){[PT(w,w2)h -Hdr(W1,W2)]2 For n = 1, the second-order cone is degenerated to a ray on +[qT(wi,w2)h -Hdi(w1,w 2)]2}112 < i(4b) the t-axis starting from t = 0 and for n 3 the second-order for (w1,w2) C Q cone is depicted in Fig. 1 solv the SobjcPivproblemn in (6a)wheremthdtaeob require vae 14 specified in (7) . The name of the toolbox stands for self-05 \ \'1 dual minimization as it implements a self-dual embedding o 0 |I --o technique for optimization over self-dual homogeneous cones-0 -0.
[9]ctin in Table 1 . The amplitude responses of depicts the amplitude response and passband group delay Of these filters are shown in Fig. 3 . From these design examples, a circularly symmetric lowpass filter of size 43 x 43 with it is quite obvious that the SOCP-based algorithm can be used normalized passband edge wp 0.5 and stopband edge tv1 = to design filters of fairly high order and offers considerably 0.65 that approximates a desired lowpass frequency response reduced computational complexity relative to that of several with passband group delay = 19. A total of K =1986 grid existing design methods.
points. It took the proposed algorithm 25 iterations and 652.69 seconds CPU time on a 3.4 GHz Pentium 4 PC to converge~OCUIN to the solution as shown in Fig. 2 whose maximum passband error and minimum stopband attenuation were found to be.. 0.0021 and 54.1529 dB, respectively. The maximum relative
The minimax design of 2-D filters with low group delay deito* fgopdly npsbn a .29
can be formulated as an SOCP problem which is a convex constrained optimization that admits a unique, global solution.
For comparison purposes, the proposed algorithm was also Thanks to the public-domain toolbox SeDuMi which has applied to design five linear-phase circularly symmetric low-proven to be a reliable and efficient LP-SDP-SOCP solver, pass filters with fp 0.425, fa =0.575, and N =7, 11, 15, the proposed design method is expected to be a useful utility 19, and 23. The filters with the same design specifications were for 2-D digital filter designers whose interest is not limited to also carried out using the algorithms of [3] and [6] and the linear phase responses and low order filters. 
